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METHOD AND SYSTEM FOR RADIOTRANSPORT OF DATA 


The present invention relates to a radio 
communications system, transmitters and receivers 
therefor and, in particular, the air interface for third 
generation radio systems such as those used for digital 
mobile cellular radio telephony. 

In second generation radio air interfaces, the 
object was to design an interface which would support 
speech transport, together with some data, at a fixed 
quality of service, over a radio channel, with minimum 
use of radio resources. By way of contrast, the goal 
for third generation radio air interfaces is co 
facilitate the transport of any type of information at 
a predetermined quality of service over a radio channel 
with a minimum use of radio resources. Thus, third 
generation radio air interfaces require a much higher 
degree of flexibility and adaptability than second 
generation air interfaces. The present invention 
proposes a radio system which meets the demand of third 
generation radio interfaces for greater flexibility and 
adaptability, by subdividing the radio interface, and 
its associated functions, into smaller units. Each of 
these smaller units has a well defined interface with 
other interface units. 

It should be noted that the objectives to be met by 
third generation air interfaces are not dissimilar to 
the objectives which are met by ATM, see our co-pending 
application [Kgp 176/95]. However, while the analogies 
that can be drawn between third generation radio air 
interfaces are of considerable value, it should not be 
forgotten that ATM is employed with systems which. Fro... 
a radio perspective, have unlimited capacity and 
extremely high quality of service. 
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Third generation radio air interfaces will find 
application with, among other things, digital radio 
telephony, for example, the DECT system for digital 
cordless telephony and the GSM system for digital 
cellular mobile telephony. In such systems, radio 
communications channels must be established between 
mobile transceivers and base station transceivers. The 
present invention is concerned primarily with the 
transport and control functions of the physical layer 
and the functions for interleaving and error correction. 

The operation of air interfaces used with DECT and 
GSM systems has been extensively described in prior art 
literature. In particular, the use of ATM in connection 
with such systems is also known. However, the present 
invention is based on a novel approach to the 
construction/design of third generation radio air 
interfaces . 

US patent 5,406,550 describes a communications 
system for data transmission from an ATM network to a 
mobile radio system. The interface between the two 
systems is arranged to remove the header of each • ATM 
cell entering the radio system from the VPI and VCI . 
The object of the invention is to reduce transmission 
overheads . 

US patent 5,359,603 describes an ATM system adapted 
for use with a mobile telecommunications system. The 
invention is designed to overcome handover problems 
between base stations associated with slow switching 
speeds in the fixed network. This invention provides 
for the establishment of permanent virtual paths across 
the ATM network which links base stations. 


US patent 5,398,347 describes a logical sub-channel 
scheme which is suitable for use with GSM mobile 
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systems . 

US patent 5,434,859 relates to radio resource 
management on an FDM mobile radio system which gives 
access to ATM based services to a subscriber. 

PCT patent application WO 93/19559 relates to the 
interface between ATM over the fixed network and ATM 
using half cells, over a mobile network. 

According to a first aspect of the present 
invention, there is provided a radio communications 
system employing a plurality of logical communication 
channels having radio resource means for allocating 
radio resources, transport control means for configuring 
said plurality of l ogical transport channels, 
characterised in that radio transport is effected by a 
plurality .of function units, each of which has a 
function unit specification list associated therewith 
m that said function unit specification lists each 
include at least two function specifications defining 
input formats, output formats and signalling, for each 
function unit, and in that said transport control means 
is adapted to select a function specification for each 
function unit from the function unit specification list 
associated with each function unit. 

Operation of said function units may be controlled 
by parameters transmitted between a transmitter and a 

receiver . 

Control data may be transmitted between a 
transmitter and a receiver via a physical control 
channel distinct from said logical communications 
channels, and said physical control channel may be 
synchronised with said logical communications channels 
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Said physical control channel may carry signals 
indicative of changes in said parameters. 

A transport channel, having a plurality of logical 
channels associated therewith, may have a separate 
transport control means, which among other things, sets 
signalling formats to be used between a transmitter and 
a receiver, and said radio resource means may be common 
to all transport channels. 

Said radio communications system may include a 
plurality of fixed base stations and a plurality of 
mobile stations, and said radio communications system 
may be adapted to handle three distinct groups of 
transport channels, namely: 

a minimum group comprising transport channels 
. supported by all base stations in said radio 
communications system ; 

a standardised group comprising transport 
channels the specifications of which are built 
into some of said base stations; and 

an open group comprising transport channels 
specified during system operation. 

Said radio communications system may include 
transceivers having means for downloading software 
modules required to support a transport channel falling 
within said open group of transport channels. 

Said radio communications system may be a digital 
cellular mobile radio telephony system. 

Said radio system may be a GSM digital cellular 
mobile radio telephony system. 
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Alternatively, said radio system may be a DECT 
mobile radio telephony system. 

According to a second aspect of the present 
invention, there is provided a base station 
characterised in that said base station forms part of a 
radio communications system as defined above. 

According to a third aspect of the present 
invention, there is provided a mobile transceiver 
characterised in that said mobile transceiver is adapted 
to operate within a radio communications system as 
defined above. 

According to a fourth aspect of the present 
invention, there is provided, in a radio communications 
system employing a plurality of logical communication 
channels having radio resource means for allocating 
radio resources, transport control means for configuring 
said plurality of logical transport channels, a method 
of controlling radio communication between two 
transceivers characterised by: 

effecting radio transport of data by means of 
a plurality of function units each of which 
can operate in at least two different modes, 
each mode defined by a function specification; 
and 

selecting, for each function unit, a mode of 
operation, by means of a handshake procedure 
conducted between said two transceivers. 


Said function units 
coding and/or interleaving, 
and radio transmission. 


may include multiplexing, 
modulation, multiple access. 
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Preferably, said function units have well defined 
interfaces with each other. 

Preferably, each function specification defines 
four interfaces, namely: 

input transport, defining a 
data to be transmitted to 
function unit; 

output transport, defining a data format for 
data to be transmitted from an output of a 
function unit; 

input control, defining a format for control 
signalling required by a function unit; and 

output control, defining a format for 
signalling produced by a function unit. 

Said method may include : 

passing parameters between said two 
transceivers; and 

controlling operation of said function units 
in dependence on the value of said parameters. 

One of said parameters may be a measure of quality 
of reception at a receiving transceiver. 

Each function unit may have associated therewith a 
function unit specification list defining the function 
specifications for the different modes of operation 
which that function unit can perform. 


data format for 
an input to a 


Said method may include selecting, on setting up a 
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radio communication link, a function specification 
together with a set of initial parameters, for each 
function unit. 

Said method may include: 

transmitting control data between two 
transceivers via a physical control channel 
distinct from logical communications channels 
used for transmission of subscriber data; and 

synchronising said physical control channel 
with said logical communications channels. 


o 


Said logical communications channels may fall int 
one of three distinct groups of transport channels ~ 
namely : 


a minimum group comprising transport channels 
supported by all transceivers in said radio 
communications system; 

a standardised group comprising transport 
channels the specification of which are built 
into some of said transceivers; and 

an open group comprising transport channels 
specified during system operation. 

A transceiver, as part of a communications link set 
up procedure, may download software modules required to 
support a transport channel falling within said open 
group of transport channels. 

Embodiments of the invention will now be described 
by way of example, with reference to the accompanying 

drawings, in which: 
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Figure 1 illustrates, in schematic form, the 
relationship between a transport channel and 
logical channels; 

Figure 2 illustrates the operation of radio 
resource control and transport control on the radio 
transport service provided by a radio 
communications system according to the present 
invention ; 

Figure 3 illustrates the grouping of transport 
channels in the present invention; 

Figure A is flow diagram of the process used to set 
up a transport channel; 

Figure 5 is a representation of the transport chain 
used in the present invention; 

Figure 6 illustrates the selection of a functional 
specification and the interfaces between functional 
units established thereby; 

Figure 7 illustrates the operation of control 
functions on transport channels. 

To facilitate an understanding of the present 
invention a glossary of the abbreviations used in the 
specification is set out below: 

ACA: Access Channel Allocation 

ATM: Asynchronous Transfer Mode 

BS : Base Station 


ATM: 


Asynchronous Transfer Mode 
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FH: Frequency Hopping 

FS: Function Specification 

FU: Function Unit 

FUSL: Function Unit Specification List 

IC: Input Control 

IT: Input Transport 

MS : Mobile Station 

0C: Output Control 

OFDM; Orthogonal Frequency Division Multiplex 

0T: Output Transport 

QoS: Quality of Service 

RTF: Radio Transport Function 

VC: Virtual Channel 

VCI: Virtual Channel Identifier 

VP: Virtual Path 

VPI: Virtual Path Identifier 

Data is transmitted, in a radio transmission 
system, from a sender to a receiver by means of a radio 
transport service. The radio transport service can be 
regarded as part of a radio transport function which 
includes functions for the allocation of radio resources 
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and functions for handling routing etc.. The attributes 
of a radio transport service are used, in conjunction 
with the resource allocation function, to select a 
transport channel. A transport channel can consist of 
one, or many, logical channels, see Figure 1, which 
schematically represents a single transport channel 
having two logical channels for the transmission of 
subscriber data and a logical control channel for system 
signalling and transmission of system data. A transport 
channel is treated as a single connection when it comes 
to handover, and similar functions, related to the 
mobile radio telephony environment. The use of 

transport channels can be compared to VC and VP in ATM. 

There is a clear distinction between the way 
logical channels used for control and logical channels 
used for transport of subscriber information are 
handled. .As can be clearly seen from Figure 2, the 
logical channels used for transport of subscriber data 
are input into the radio transport chain, whereas the 
logical channels used for control are passed to the 
transport control functions. The transport control 
function configures the logical transport channel by 
selection of function specifications and parameter 
settings for each function unit, see below. Information 
on the selected function specifications and associated 
parameter settings is passed to a receiver by means of 
a physical control channel. The physical control 
channel must be synchronised with the logical transport 
channels with which it is associated. This is a 
necessary requirement because the physical control 
channel is used for transmission of data relating to 
changes in parameter settings applicable to an active 
transport channel . 

The control functions, see Figure 2, can be divided 
into two groups, the transport control sub-system and 
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resource control sub-system. Each transport channel has 
a transport control sub-system that defines how 
signalling between sender and receiver should be 
performed. There is a resource control sub-system which 
is common to all transport channels in the system and 
which allocates radio resources. Typical resource 
control functions are: ACA, frequency hoping, power 
control and subcarrier allocation. 

A transport channel can operate in three distinct 
modes, namely: set up, active, and release. In the set 
up mode a function specification is selected for each 
unit in the transport chain. The selection is achieved 
by using the set up channel, together with a preset 
protocol for this channel. During the active mode, 
subscriber data is transmitted over the transport chain. 
The control functions must, while the system is in the 
active mode, maintain quality of service and support 
variations in the radio transport service, using the 
minimum of radio resources. This is achieved by 
changing the parameters associated with each function 
specification. A transport channel is released when it 
is disconnected, or handed over to another base station. 

It is possible to have a number of different types 
of transport channel, as illustrated schematically in 
Figure 3. In particular, transport channels can be 
classified into three sets, namely: minimum, 
standardised and open. The minimum set of transport 
channels are those transport channels which are 
supported by all base stations and mobiles in the 
system. The standardised set are those transport 
channels, not falling in the set of minimum transport 
channels, that are available when the system was first 
commissioned. In other words, some, but not all, 
mobiles and base stations will be able to support 
transport channels in the standardised set. The last 
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set of transport channels, the open set, are transport 
channels which can be used to expand the capabilities of 
the system after it has been commissioned. 

Figure A is a flow diagram illustrating the method 
by which a transport channel is set up. Initially, the 
set up channel is activated. The set up channel is then 
used for signalling between the transmitter and 
receiver. The signalling procedures vary, depending on 
the set (minimum, standard, or open) to which the radio 
transport channel belongs. To set up a transport 
channel belonging to the minimum set, a minimum of 
signalling is required, because, all BS/MS in the system 
support this set of transport channels. For transport 
channels belonging to the standardised set, the function 
specification to be used by each of the function units 
is selected and the initial parameter settings 
determined. With transport channels belonging to the 
open set, there are two possibilities, either the 
terminal already supports the transport channel, or the 
terminal is an advanced multimode terminal that can 
download software to support the selected transport 
channel . 

After the set up phase, the transport channel is in 
active mode. In the active mode, the object is to 
maintain quality of service and to adapt the transport 
channel to changes in the attributes, or environment, of 
the radio service. This is achieved by passing 
parameters, supported by the function specifications, 
between the sender and receiver. Typical parameters 
transmitted by the receiver are various quality of 
service measurements, e.g. received power, error rate, 
etc.. These parameters are analysed at the transmitter 
and the results used to update parameter settings in the 
functional specifications of the function units in both 
transmitter and receiver. 


WO 97/34436 


PCT/SE97/00203 


- 13 - 

Subscriber data is transmitted over the transport 
channels. A transport channel can be regarded as a 
specific selection of function specifications in the 
transport chain. Operation of the transport control 
sub-system is schematically illustrated in Figure 5. It 
will be noted that the transport control sub-system is 
divided into a number of function units. Typical 
function units are multiplexing, coding/interleaving, 
modulation, multiple access and transmitter operation. 
Each function unit has an associated function unit 
specification list which defines the set of possible 
function specifications for the function unit. Each 
function specification is a detailed description of the 
input format and output format of the transport and 
control information. In other words, a function 
specification defines a possible mode of operation for 
a function unit in terms of inputs and outputs. There 
are two sections in a function specification list, a 
section that deals with standardised functions and a 
section that deals with the open set of transport 
channels . 


When a function unit is set up, a function 
specification, available on the function specification 
list for that function unit, is selected. This function 
specification will then define the interfaces and 
functions of the function unit. A function 

specification defines four interfaces: 


input transport; 
output transport; 
input control ; and 


output control. 
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This process is illustrated in Figure 6, which 
shows the relationship between a function unit, its 
function specification list and function specifications. 
Figure 6 shows that FSj has been selected and that the 
inputs and outputs of the function unit are now dictated 
by FSj. Thus, it will be seen that a transport channel 
can be regarded as the combination of the function 
specifications for each of the function units in the 
radio transport chain. When the transport channel is in 
the active phase, the input control and output control 
interfaces are used to change parameters in the function 
specification, i.e. to modify operation of the radio 
transport chain to meet current radio environment 
constraints and attributes. 


By using function units, the physical layer is 
divided into smaller units with well defined interfaces 
between units. Smaller units are needed to meet the 
requirement, with third generation radio air interfaces, 
for flexibility and adaptability in the physical layer. 

The control function can be divided into the 
transport control function and the resource control 
function. The transport control function is unique for 
each transport channel type. The resource control 
function contains functions that allocate radio 
resources for all transport channels. Typical examples 
of functions controlled by the resource control are ACA, 
FH and subcarrier allocation. The relationship between 
resource control functions, transport control functions 
and transport channels is illustrated schematically in 
Figure 7. Information transmitted to the transport 
control function is conveyed over a logical channel . A 
typical example of a logical channel used for control , 
is the associated control channel. The resource control 
has an interface towards the resource control functions 
in higher layers. The resource control uses functions 
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in the transport control domain to send information 
between the sender and receiver. The protocol used for 
transmission of control information on the associated 
control channel depends on the importance of the control 
information to be transmitted over that channel. 

Referring again to Figure 5, information 
transported by the transport chain has to be in the 
format specified for the transport channel. The input 
format depends on which function specification has been 
selected. For example, the multiplexing unit combines 
information from different logical channels. The way in 
which the multiplexing operation is performed depends on 
the type of transport channel used, since the 
requirements for different transport channels differ. 
The multiplexed data is mapped onto transmission symbols 
by the modulation unit. The framing unit combines the 
transport information with the control information used 
to configure the radio transport chain. The power 
control unit sets the power on each of the access 
channels. The multiple access unit combines different 
access channels and converts them into a baseband 
channel. Finally the base band channel is transmitted 
on a physical channel. 
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CLAIMS 

1. A radio communications system employing a plurality 
of logical communication channels having radio resource 
means for allocating radio resources, transport control 
means for configuring said plurality of logical 
transport channels, characterised in that radio 
transport is effected by a plurality of function units, 
each of which has a function unit specification list 
associated therewith, in that said function unit 
specification lists each include at least two function 
specifications defining input formats, output formats 
and signalling, for each function unit, and in that said 
transport control means is adapted to select a function 
specification for each function unit from the function 
unit specification list associated with each function 
uni t . 

2. A radio communications system as claimed in claim 
1, characterised in that said function units include 
multiplexing, coding and/or interleaving, modulation, 
multiple access, and radio transmission. 

3. A radio communications system as claimed in either 
claim 1, or 2, characterised in that said function units 
have well defined interfaces with each other. 

h. A radio communications system as claimed in claim 
3, characterised in that each function specification 
defines four interfaces, namely: 

input transport, defining a data format for 
data at an input to a function unit; 

output transport, defining a data format for 
data at an output of a function unit; 
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input control, defining a format for control 
signalling required by a function unit; and 

output control. defining a format for 
signalling produced by a function unit. 

5- A radio communications system as claimed in any 
previous claim, characterised in that operation of sai d 
function units is controlled by parameters transmitted 
between a transmitter and a receiver. 

6. A radio communications system as claimed in any 
previous claim, characterised in that control data is 
transmitted between a transmitter and a receiver via a 
Physical control channel distinct from said logical 
communications channels, and in that said physical 
control channel is synchronised with said logical 
communications channels. 

7- A radio communications system as claimed in claim 
6, characterised in that said physical control channel 
carries signals indicative of changes in said 
parameters. 

8. A radio communications system as claimed in any 
previous claim characterised in that a transport 
channel, having a plurality of logical channels 
associated therewith, has a separate transport control 
means, which among other things, sets signalling formats 
co be used between a transmitter and a receiver, and in 
chat said radio resource means is common to all 
transport channels. 

9. A radio communications system as claimed in claim 
8. characterised in that said radio communications 
system includes a plurality of fixed base stations and 
a plurality of mobile stations, and in that said radio 
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communications 
distinct groups 

a minimum group comprising transport channels 
supported by all base stations in said radio 
communications system; 

a standardised group comprising transport 
channels the specifications of which are built 
into some of said base stations; and 

an open group comprising transport channels 
specified during system operation. 

10. A radio communications system as claimed in claim 
9, characterised in that said radio communications 
system includes transceivers having means for 
downloading software modules required to support a 
transport channel falling within said open group of 
transport channels . 

11. A radio communications system as claimed in any 
previous claim characterised in that said radio 
communications system is a digital cellular mobile radio 
telephony system. 

12. A radio communications system as claimed in claim 
11, characterised in that said radio system is a GSM 
digital cellular mobile radio telephony system. 

13. A radio communications system as claimed in any of 
claims 1 to 10, characterised in that said radio system 
is a DECT mobile radio telephony system. 
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system is adapted to handle three 
of transport channels, namely: 


14 . A 

station 

claimed 


base station characterised in that 
forms part of a radio communications 
in any of claims 11 to 13. 


said base 
system as 
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15. A mobile transceiver characterised in that said 
mobile transceiver is adapted to operate within a radio 
communications system as claimed in any of claims 11 to 


13 


16. In a radio communications system employing a 
plurality of logical communication channels having radio 
resource means for allocating radio resources, transport 
control means for configuring said plurality of logical 
transport channels, a method of controlling radio 
communication between two transceivers characterised by: 

effecting radio transport of data by means of 
a plurality of function units each of which 
can operate in at least two different modes, 
each mode defined by a function specification; 
and 

selecting, for each function unit, a mode of 
operation, by means of a handshake procedure 
conducted between said two transceivers. 

17. A method as claimed in claim 16, characterised in 
that said function units include multiplexing, coding 
and/or interleaving, modulation, multiple access, and 
radio transmission. 

18. A method as claimed in either claim 15, or 16, 
characterised in that said function units have well 
defined interfaces with each other. 

19. A method as claimed in claim 18, characterised in 
that each function specification defines four 
interfaces, namely: 


input transport, defining a 
data to be transmitted to 


data format for 
an input to a 
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function unit; 

output transport, defining a data format for 
data to be transmitted from an output of a 
function unit; 

5 - input control, defining a format for control 

signalling required by a function unit; and 

output control, defining a format for 
signalling produced by a function unit. 

20. A method as claimed in any of claims 16 to 19, 
""0 characterised by: 


20 


passing parameters between said 
transceivers; and 


two 


controlling operation of said function units 
in dependence on the value of said parameters. 


in 


15 21. A method as claimed in claim 20, characterised 

that one of said parameters is a measure of quality of 
reception at a receiving transceiver. 

22. A method as claimed in either claim 20, or 21, 
characterised in that each function unit has associated 
therewith a function unit specification list defining 
the function specifications for the different modes of 
operation which that function unit can perform. 

23. A method as claimed in claim 22, characterised by 
selecting, on setting up a radio communication link, a 
function specification, together with a set of initial 
parameters, for each function unit. 


24 


A method as claimed in any of claims 16 to 23, 
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transmitting control data between two 
transceivers via a physical control channel 
distinct from logical communications channels 
used for transmission of subscriber data; and 

synchronising said physical control channel 
with said logical communications channels. 
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that " " Claimed in claim 2., characterised in 
that saxd log iC al communications channels fall into one 
of three distinct groups of transport channels, namely: 

a minimum group comprising transport channels 
supported by all transceivers in said radio 
communications system; 

a standardised group comprising transport 
channels the specification of which are built 
into some of said transceivers; and 

an open group comprising transport channels 
specified during system operation. 


26 


A method as claimed in claim 25, characterised by 
a transceiver, as part of a communications link set up 
procedure, downloading software modules required to 
support a transport channel falling within said open 
group of transport channels. 

27. A method as claimed in any of claims 16 to 26 
characterised in that said radio communications system 
i. a digital cellular mobile radio telephony system . 

tL A T 1 "' 33 Claimed ln Cl3im 27 ' ch *"cterised i» 
that said radio system is . GSM digital cellular mobile 
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radio telephony system. 

29. A method as claimed in any of claims 16 to 26, 
characterised in that said radio system is a DECT mobile 
radio telephony system. 
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